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Effect of Marbling Degree on Palatability and Caloric Content of Beef
Introduction
The relationshipof marblingto beefpalatabilityhasbeen
the subjectof numerousinvestigationsandseveralreview
papers. A vastmajorityof thedataonthissubjectindicate
that there is a positive relationship between marbling
degree(or percentagechemicalfat) andtenderness,juici-
ness, and flavorintensity,and an inverserelationshipwith
Warner-Bratzlershearforce(a mechanicalmeasureof ten-
derness). However, this relationship is weak at best.
Generally,althoughtendernessmay increaselinearlyas
marblingincreases,the incrementsare verysmall,particu-
larlyfromonemarblingdegreetothenext.Acomparisonof
the extremesin USDA qu~litygrade (e.g., Standardand
Prime)was usuallyneededto findstatisticaldifferencesof
any practical importance. Based on available data,it
appearsthatbetween5 and 10%of thevariationin tender-
nesscanbeaccountedforbyUSDA marblingdegree.Most
importantly,noneof the studiesdetectedpalatabilitydiffer-
ences betweenSlight and Small marblingdegrees that
couldjustifypricedifferentialsfrequentlyfoundinthemarket
place. The objectiveof this studywas to determinethe
effectofmarblingscoreonpalatabilityandcaloriccontentof
meatfromdiversebreedsofcattle.
Procedure
Animals.Thedatapresentedin thispaperarefrom
1,337steersandheifersfromtheGermplasmEvaluation
(GPE)programatMARC. Thebreedgroupsrepresented
include:Hereford,Angus,Longhorn,Salers,Galloway,
Shorthorn,Piedmontese,Charolais, Gelbvieh,and
Pinzgauer.Theseanimalswerebornbetween1986and
1990inMarchthroughMayandweanedaboutOctober1.
Afterweaning,steerswerefeda growingrationfor4 mo
andthenwereallowedunrestrictedaccesstoa mixeddiet
of cornsilage,cornandsoybeanmeal. Thecattlewere
slaughteredeitherat theMARC abattoiror at a commercial
processingplant. Aftera 24 hr chill,the rightsidesof the
carcassesfromthe commercialplantwere transportedto
themeatlaboratoryatMARC at48 hrpostmortem.The loin
musclewas removedand cut into 1-inthicksteaks. The
steakswerevacuumpackagedand storedat 35°F until7
days postmortemandthenfrozenat -86°Ffor up to 6 mo
beforethawingandcookingforWarner-Bratzlershearforce
andtrainedsensoryevaluation.
ShearandSensoryEvaluation.Frozensteaksweretem-
peredat 36°Ffor 24 hr thenbroiledto 158°Finternaltem-
perature(mediumdegreeofdoneness).Thecookedsteaks
for shear force were chilled24 hr at 36°F, thensix .5-in
diametercoreswere removedparallelto the musclefibers
andshearedonceeach. Steaksfortrainedsensoryevalua-
tionwerecutinto.3 x .3x 1-insamplesandservedwarmto
a trainedsensorypanel. Eachpanelistindependentlyeval-
uatedeach samplefor juiciness, tenderness,and flavor
intensity on eight-point scales (1=extremelyjuicy or
extremelytenderor extremelyintense;8=extremelydryor
extremelytoughorextremelybland).
1Wheeleris a research food technologist, Meats Research Unit and
Cundiff is the research leader,Genetics and BreedingResearch Unit,
MARC; Koch is a professor emeritusof animal science, Universityof
Nebraska-Lincoln.
~he authors would like to acknowledgethe technical and statistical
assistanceof Kay Theer and DarrellLight.
ProximateAnalysis.Moisturecontentwasdeterminedby
ovendryingandchemicalfatcontentbyetherextractionon
uncookedloin muscle. Proteincontentwas calculatedby
difference,allowing1% for ashcontent.Calorieswerecal-
culatedfromthefollowingequations:
1)Percentageproteinx4.46x28.4=caloriesperoz protein
2) Percentagelipidx 9.01x 28.4=caloriesperoz fat
Results
Warner-Bratzlershearforcewas notdifferentbetween
marblingscoresrangingfromSlightthroughModerate(Fig.
1A). Tracesmarblingwas notdifferentin shearforcefrom
Slightmarbling,but had a highershear forcethan Small,
Modestor Moderatemarblingscores. In addition,theper-
centageof meatwithshearforceof greaterthanorequalto
13.2Ib(comparabletoanoveralltendernessratingof4.5or
"slightlytough")was similarbetweenSmall, Modestand
Moderatemarblingscores,butslightlyhigherforTracesand
Slight. However,morethanhalfof themeatwithTracesor
Slight marblinghad shear force values comparable to
"slightlytender"orbettersensorytendernessrating.A simi-
lar responsewas found for tendernessrating(Fig. 1B).
MeatwithTracesmarblingscorereceivedslightlylowerten-
dernessratingsthanSmall,Modest,andModeratemarbling
scores. The percentageof tendernessratingslessthan4.5
(slightlytough)was higherfor Tracesand Slightcompared
to ModestandModeratemarblingscores.
Juiciness ratingtendedto increaseas marblingscore
increased,butSmallmarblingwas notdifferentin juiciness
fromanyothermarblingscore(Fig.1C). MeatwithTraces
or Slightmarblingscores receivedlowerjuicinessratings
than meatwith Modestor Moderatemarblingscores. A
slightlygreaterpercentageof meatwithTracesand Slight
marblingscoresreceivedjuicinessratingsof less than4.5
comparedto Modestmarblingscore. Beef flavorintensity
wasnotaffectedbymarblingscore(Fig.1D).
Regressionof shearforceandsensorytraitson mar-
blingindicatedtheinabilityofmarblingscoreto predictmeat
palatability(datanot shown). Equationsfor shear force,
tendernessandjuicinessratingsweresignificant,butonly1
to 3% of thevariationin thesetraitswas explainedby mar-
blingscore. Clearly,marblingwas of littlevalueinexplain-
ingthevariationinpalatabilityofthemeatinthisstudy.
Percentagechemicalfat, fatcaloriesandtotalcalories
increasedlinearlyas marblingscoreincreasedin uncooked
loin muscle,exceptTraces was not differentfrom Slight
(Table1). Percentageproteinandcaloriesfromproteindid
notvaryas marblingscore increased. Percentageof total
caloriesfromfat increasedandpercentageof totalcalories
fromproteindecreasedas marblingscoreincreased,except
TraceswasnotdifferentfromSlight.
Due to the USDA qualitygradingstandardsand their
impliedsegregationof meatbasedon palatability,the U.S.
beefindustryhasplaceda highvalueon marblingintheloin
muscle. The emphasison marblingindeterminingcarcass
value is basedon the slight increasesin juiciness,flavor
andtendernessthatare obtainedas marblingis increased.
There are, however,several problemswith the current
emphasis on marblingfor segregatingbeef carcasses
basedonexpectedmeatpalatability.Firstly,anabundance
of researchstretchingoverthelast30yr indicatesthatmar-
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blingfathasa lowrelationshiptopalatabilityandexplains
onlyabout5-10%ofthevariationintendernessoftheloin
muscle.Secondly,otherresearchindicatesthatthevaria-
tioninmarblingintheloinmusclehaslittleor noeffecton
palatabilityofothermuscles.Thus,avisualassessmentof
theamountofmarblinginacrosssectionoftheloinmuscle
atthe12thribmaynotbeappropriateas a majordetermi-
nantof thevalueof theentirecarcass.Ourdatasupport
previousresearchindicatingthatmarblinghaslittleassocia-
tionwithmeatpalatability.Theemphasisonmarblingin
beefpromotesexcessfatproductioni cattleanddoeslittle
toensuredesirableatingqualityof themeat.Clearly,a
moreaccuratemethodto predictmeatpalatabilityis
needed.
Table1-Composltlonandcaloriccontentof3.5ozuncookedloinmusclewithdifferentmarblingscores
Chemicalfat Protein Total Calories Calories
Marbling N % Calories % Calories calories fromfat,% fromprotein,%
"b cd Meansina columnlackinga commonsuperscriptaredifferent(P <.05).
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Figure1- Shearforceandsensorytraitsasaffectedbymarblingscore.Thedarker,horizontallinepassesthroughthemeanvalues.The
verticalinesrepresenthefullrange of values. The number of observations for each marblingscore is given at the top. The percent-
age of samples that received unacceptable scores is given at the bottom. The broken line is the boundary between acceptable and
unacceptable values. TR =Traces, SL =Slight, SM =Small, MT =Modest, MD =Moderate.
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Traces 23 3.3d 30.3d
Slight 456 3.5d 31.7d
Small 661 4.7c 42.5c
Modest 93 6.2b 55.9b
Moderate 14 7.3" 65.5"
21.7 97.0 127.4d 23.3d 76.6"
21.9 97.6 129.3d 24.0d 76.0"
21.6 96.2 138.7c 30.2c 69.8b
21.3 95.0 150.9b 36.8b 63.2c
21.2 94.4 160.0" 40.5" 59.5d
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